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Abstract 
This paper presents a novel approach for designing compact ultra-wideband (UWB) bandpass filter with a 
good notched band characteristic. A notch band characteristic is obtained by using the radial-loaded stub 
resonator. The main advantage of the proposed filter is that the frequency of the notched band can be 
tuned easily in a wide frequency range. Current density and equivalent model is also given depending on 
the odd/even excitation resonance condition. The characteristics of the filter are analyzed. To verify the 
proposed methods, a filter is designed and fabricated. Measured results show that the proposed UWB 
properties from 3 to 10.2GHz and the notch band can be changed optionally from 5 GHz to 9 GHz. These 
filters can be integrated in UWB radio systems and efficiently enhance the interference immunity from 
undesired signals such as wireless local area network (WLAN) and WiMAX.
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1. Intrduction 
Since the Federal Communications Commission (FCC) released the frequency band from 3.1 to 10.6 
GHz for commercial communication applications in February 2002, the ultra-wideband (UWB) radio 
system has been receiving great attention from both academy and industry [1] .UWB bandpass filter 
(BPF) is one of the key passive components to realize a UWB radio system. Therefore, more demands 
have been placed on the design of BPFs with large fractional bandwidths (FBWs). Recently, different 
methods and structures have been presented to develop UWB BPFs [2]-[5]. 
Moreover, the UWB frequency band overlaps with the existing communication such as WLAN and 
WiMAX which means that those radio signals may interfere with UWB systems and vice versa. 
Therefore, a compact communication system which operates in UWB frequency band requires a small 
BPF with a notched band in order to avoid being interfered by the undesired radio signals. Recently, there 
are many methods that have been investigated to design a UWB BPF with a notched band[6-
13].Nevertheless, they are still embarrassed by the large electrical size [6], not compatible with 
monolithic microwave integrated circuits (MMIC) [7-10], complex structure [11-13] .The present paper 
provides a new implementation of notch-band by using radial-loaded stub. The loaded stub resonator has 
good character of multimode resonator. In Even-mode, this structure not only designer to a pass-band, but 
also formation a notch-band. Compared to the previous UWB notch-band filter in [9-14], sharper 
rejection slop at the lower passband edge and larger adjusted range can be obtained by using the radial- 
loaded stub resonator. The filter performance is simulated by using the IE3D software and it is 
implemented on the substrate with a relative dielectric constant of 6.15 and a thickness of 0.635 mm. 
Simulated and measured results agree reasonably well. 
2. Filter Design and Analysis 
In this Section, the theoretical design and synthesis of a Compact UWB BPF with a Notch-Band Using 
radial-loaded stub is presented. Technically, the proposed filter design essentially exploits the open stub 
structures for the realization of a sharp notch-band with adjusted feature optionally. In addition, the 
corresponding lumped equivalent circuits and formula are provided.  
The schematic of the investigated UWB BPF with the notched band is shown in Fig.1.The proposed 
BPF is a modified form of [12] and the radial-loaded stub is coupled to the middle ring resonator section 
to achieve the notch band. Fig.2 illustrates the equivalent transmission line network of the proposed filter. 
The interdigital-coupled line can be equaled as two single transmission lines at two sides and a J-inverter 
susceptance in the middle. The radial-loaded stub that is coupled to the middle section of the ring 
resonator can be modeled as a shunt series resonant branch. 
Further more, the middle Ring resonator can be analyzed in terms of even and odd mode. Even-and 
odd-mode equivalent circuits for the Ring resonator fed by the interdigital-coupled lines in Fig.1 are 
shown in Fig.3 (a) and (b), respectively. Form the Odd-mode equivalent circuits, the odd-mode only to 
design for pass band. In the other hand, the Even-mode not only designs for pass-band, but also designs 
for notch-band. In this paper, we want to realization of a sharp notch-band with adjusted feature 
optionally. Then we focus on how to realize a notch-band. So we only the analysis the resonance 
condition about the Even-mode. Following the similar procedure in [14], the Even-mode resonance 
condition can be achieved and expressed by the next equation .0inY =
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Fig.1 Geometry of the proposed filter. 
Fig.2. Equivalent circuit network of the proposed filter. 
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Fig.3. Equivalent circuits for the Ring resonator in Fig.1. (a) Even-mode. (b) Odd-mode. 
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In this filter, some parameters are as follows: 
L1v=5.12,L1h=5.92,L2=4.25,L3=0.25,L4=5.39,L5=2,W1=0.46,W2=5.2,W3=1.3,W4=0.11,W5=1.1
5.(The unit is mm.)In the next step, we are using these parameters to Simplified the Even-mode resonance 
condition. So we can get , then the length of the stub is near ,5 70θ ≈ ° 7 / 36notchλ
notch
notch eff
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=
where  is the wavelength of the centre frequency of the notch band,  is the centre frequency of 
the notch band,  is the effective dielectric constant, and C is the speed of light. 
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Fig.4. Simulated |S21| of the filter for different L6 when other parameter fixed 
Fig.4 shows the response |S21|of the mentioned filter. By increasing the length of L6, the notched band 
moves from higher band to the lower ones. 
In this paper, we select the L6=4.25mm to this filter. In this case, we can make the notch-band in 
6.8GHz. To further study the nature of the operation of the filter. We simulated the current density of the 
proposed middle Ring resonator in the pass-band and notch-band. Fig. 5 shows the current density of the 
proposed middle Ring resonator at the frequency of pass-band and at the notched frequency. 
                                                       (a)                                                            (b) 
Fig. 5 Current density of the proposed middle ring resonator. (a) At the frequency of the lower passband (f=6GHz). (b) At the 
notched frequency (f=6.8GHz). 
It can be seen from the current density that in the passband of the structure, the resonator does not 
resonate and has no effect on the overall performance. At the notched frequency of the structure, the 
resonates with a much higher current density. Fig. 5(b) clearly shows that the resonator at the notched 
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frequency is acting as a short circuit and no coupling exists over the stub at the output port. As mentioned 
before, the frequency of the notched band can be easily controlled by adjusting the structural parameters 
of the parasitic stub. More specifically, the length of the stub decides the frequency of the notch-band and 
the width of the stub decides the width of the notch-band. Overall the simulated result is good match with 
the theory. 
3. Experimental Demonstration 
Fig. 6 Photo-type of the fabricated filter 
To demonstrate the effectiveness of the proposed filter design, an UWB filters with notch-band are 
fabricated and measured. Fig. 6 depicts the photograph of the fabricated filter. 
Fig.7 Comparison between simulations and measured results for |S11|, |S21| of the fabricated filter 
The filtering performance is measured by Anristu 37347D vector network analyzer. Fig.7 and Fig.8 
demonstrates the frequency responses and group delay of proposed filter, where excellent agreement is 
obtained with EM simulated ones. The fabricated filters have a measured passband from 3 to 10.2 GHz, 
while the center frequency of the notched band is 6.65GHz. 
It should be noted that the parasitic coupled line can generate a notched band at the desired 
frequency with no significant influence on the wide passband performance of the filter. Moreover, the 
proposed UWB BPFs have shown a good ultra-wide notch-band BPF, which is necessary to implement 
the functions of UWB radio system. 
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4. Conclusion 
In this letter, a compact UWB BPF with narrow notched band has been developed and presented. By 
inserting radial loaded stub to the middle ring resonator leads to block undesired existing radio signals 
such as wireless local area network (WLAN) and WiMAX. The radial- stub can bring a narrow notched 
band at the desired frequency with no significant influence on the wide passband performance of the 
filter. In particular, changed the length of the radial-stub can adjust the notch-band optionally in a wide 
range. The proposed filters are promising for use in new UWB systems due to its simple structure, 
compact size, and excellent performance. 
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